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Intonation concern1ng the ~tere and design Tar1ablee
attect1ne an IACA eubmerged duct dee1gn ia preeented. 111e prin
cipal Tarlablea inTeatigated include entranoe vldth-to-depth ratio,
raap-vall dlTergenoe, l"'8Dlp angle, and detlector eize. iIe.t. ".re
alao _de to shaw the ettect ot Tar1ation ot boundar1-lqer thick
De8. and raap-tloor contour.

Prea.ure r8COTe17 at the duct entrance and atter Ml1pt
dittusi.on, preeaure di.tribution oyer the lip aDd 1"IUII.P" aDd drag
are g1TeD as tunct1oa.e ot the Wet Teloc1tl' rat10 ot the _trance.
An eTaluat10n or the DCA eubzlilersed. entries 1nd1cate. that aat1.
tacto17 duct characteri.tics JII¥ be toUDd tor 8, %"ISlIp of the teet
Tar1abl... It appeare that an opt1llwa JIAOA .u..~ 1»let dee1sn
ahould -pl01 curnd d1Terg:1ng raap Wall6" a ,0 to T' nap ansle,
and a v1dth-to-depth rat10 ot trca 3 to ,. The bOUD4a1'7-l&7er
thickneea ot tD.e .urtace..1nto vbich the Wet ia placed~ tOUDd
to ha.... a larse ettect 011 the p"••ure r8C0Te17.

Fbo8ible applications ot th1e ~pe or Wet an~ their
particular adYlUltases are d18Cu..ed.

!'or the d.....loPl8J1t or a aat1afacto17 a1l"-1D4uction 818tem ot
an aircratt, .eTeral aerod,JDua1c criteria aut 'be eftluated 111 con
Junction with theae 1nTolTiDI atnactUl'al dealp and 1n8tallat1on.
Ae~cal17" the al'ltoea gould Dot reduoe til. an.1lable enel"81
ot tile enterina air" the clna or the boq into vb1ch 1t 1. pla~ed

should not be increaaed, and the h1ab-eJ)Hd charauter1etic8 ot the
boq or 8,ircratt ahould Dot deteriorate. Although, 1n praotioe, an
a1z-1Dd.uctlcm I7It,ea poal1b1.7 doel not Met all th.ee requireMllt.,
the _rita or a .1'etea oan be detem1Ded 'bl' tile degree to which ita
cbaracter11tlci approach tile ~•
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2 IACA 11( No. A7I30

A preTious investisation ot an air intake submerge~. below the
bod.y surface (reterence 1) was explorato17 in nature and was meant
to indicate the trend tor tuture research ot this type inlet. '!his
present report giTes the results ot more extensive investigations of
KACA 8ubmerged duot entrances oonduoted at the Ames Aeronautical
Laborato17. '.the work includes further developnent ot certain con
figurations tound to be desirable trom prel1m1nary tests and the
1nTestisat1on or other design parameters not preTiously considered.

SYMBOLS

J. duct-entrance area, aquare teet

B distance ramp tloor is submerged below reference contour
at station where entrance area 1s measured.

CDn f:.uct drag coettic1ent(~ )

D drag, pounds

d duct depth

H total pressure, pounds per squaro toot

AU 108s 1n total pressure, pounds per square toot

M mach number

MeR cr!t1cal Mach number

P , pre.aure coett1cient ( p ~Po )

P static pre••ure, pounds per aquare toot

q d1nU1o pressure (ipyZ), pounda per square toot

U Telooit1 outBide boundar1 laJer, teet per aecond

U local Telocity in boUDdar,y laJer, teet per aecond

V Telooit" teet per aecond.

Y duct width

p a1r denaity, aluaa per oubio toot
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Z'UI recOTe17 ratio

:, d1tt1lller etnC1....,( .~=:) X 100, porc;ent

Ma M" Me )(8
1 + '4 + 40 + i600 - 80,000 •••

q(l + -q), Z'UI poeeDUN, pounda per square toot

(1 + 11)
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1nle~elocit:r ratio

Subsoripts

o tree streaa

1 duot-«ltranoe statIon

.2 station after dittuaion

\

I,
i!
~

I,
I
1

I
j

i
i
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MODI(" AID APPARAM

Various lIOdele ot eubMrsed-duct entrances vere tested in the
A-ee 8- b:r 36-lnch vind tunnel or the 7- by lo-toot vind-tunnel
seotlon" vhioh 1. ehavn sch-.tical17 on tlsure 1. Each entrance to
be 1nTestlgated vaa plaoed in a remon.'ble portioo ot one or the
36-inch valle or the teat eection, thls vall thus s1mulat1n8 the
tuaelase akin tor a t;rplcal subMrpd-1nlet applicat100. Air vas
drawn throUBb the inlet b7 a oonatant-epeed. centr1tupl PwllP, the
quantlt:r flaw be1Ds .....ured b:r a calibrated Tenturi and. resulated
b:r a JIOtol"-CODtrolled p).ue-t:rpe 'ralTe located at t.he puap ex1t. The
testa vere au at twmel speed.a l"UCiD8 trca 180 to 260 teet per
secODd.

All p.rts or the entranc.. tor' the sreater port1on ot the
1l1TestisatI00. were tlllU vith or below the surtace or the tunnel
vall. 'Dle IU"e& or the ftr10us entrances va. held CODBtant at 16
square inches aDd. the v1d.th-to-deptll" ratio ftr1ed. troa 1 (4- by 4
inch) to 6 (9.81- b7 1.64-1Doh) • A .eJl&l"&te JIOd.el 11&8 requlred to
teet ...ch ot the .ix wid.th-to-depth ratios. (S.. t1g. 2.)

ror each ~..1 tour l'Ulp~ tom. vere inTestlpted. (tiS. 3).
BaIIp anale oould. " ftZ01.l trca ,0 to 1,°. J'lsure 4 ahov. the
seOMtric ohap or tIae nap vith nap aD8le tor one entrance oem
tlauratlon. ProTislcm vu al.o -.4e tor testing a ourTed. rual) tloor
abape, vith the v/d. • 4 entftDCe tor nap lengtbB Vh1ch oorreaponded

C6lJ'111IItlWs
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to the 50, v, So, and 11~50 straight ramp floors. This curYed· ramp
floor, shown on figure 5, represented the upper-eurface protile shapa
of the aft portion of a 65-eeries lav-drag airfoil.

Deflectors, or small ridges alone the top edge of the ramp wall
with heights of 0.25, 0.50, 0.15, and 1.00 inch and lengths of 25, ':IJ,
75, and 100 percent of the ramp length were tested (fig. 6).

The basic lip shape (fig. 7) was the same for all mo<1~ls, but
the dimensions of the lip Tuied d1rectl1 al;l the depth of the duct
entrance. In every case the lip incidence could be varied through
an angle range of ± 50.

The models included a transition section which simulated an
internal duct Eiystem with gradual diffusion. This section started
8 inches aft of the lip leading edge and for each model transformed
from the rectangular cross section of the submerged. duct inlet to a
circu·.ar cross section 5.25 inches in diameter. '!be transition
section was 36 inches long with a 1.35 expansion in area, constant
for all models.

Rakes of pr8l1sure tubes for measuring ram recovery were located
at two stations (fig. 2), one at thel duct entrance and the other after
diffusion in the 5.25-inch-diameter circular section. The rakes
located at the entrance contained 64 evenly spaced total-pressure
tubes and 4 static-pressure tubes. '1'he8e rakes were mounted slightly
behind the leading edge of the lip in each case Q.t a station where
the lip inner contour faired into a constant arM section. The rake
aft of the diffuser section had 33 total pressure tubes and 4 static
prot\ ""lre tubes. The wind:"tunnel air davnstream of the inlet was
surveyed by a series of individual rakes, located 8 inches aft of the
lip station, which completely bracketed the wake caused by the
entrance. Each of the indiVidual rakes contained 15 tubes and were
located at 8 spanwise stations.

Pressure distributions were obtained tram small flush static
pressure orifices bUilt into t~e 8ubmereed duct entrances along the
center lines of the lip and r~p and aloo along a section of the lip
1 inch from the side wall of the entrance.

TESTS

To aid in the analysis of the data it vas necessary to evaluate
the eXisting testing conditions. The boundary layer of the test
section tunnel wall, maasured at the duct-entrance station, is given
on figure 3. It should be noted that this bOUlldary layer is consider
ably thicker than would be normally experienced if a submerged

c~
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entrance vent located a,t or forward ot the ving on a s1ll1larly
scaled tuaelage. Efforts to 'reduce this l14tural boundar,y-layer
th1ckne•• did not lil"OTe .ucce••ful, due -1nl1 to the Y1l1d-tunnel
~eametry. 'lbe ratio of total bounda.r1-layer thickne.s to duct depth
(wId. 4) 1. 0.80 for the.e telt. aa ccapared to 0.31 for a typical
f'ighter 1netallat1on (station 0, reterence 2). Froa thi8 it 18
evident that the pr-e.lure rocOTerie. prelented in, thi8 report muet
not be considered as the lI.'&Ximua Talu.el obtainable vi th IACA 8Ub
merged duct entr1el. 'lbe liJl8 or all aod.ell of the .ubmerged
entrance were located at the 8a11e posit1on along the te8t sect10n
vall.

To determine '~ dittueor or 1nternal duct etr1cienc1e., bench
testa of the 'six dif'fusere vere made. A oone vu attached to the
entrance in place of the ramp and lip to aalure sati.factory tlov
cond1tiona. '!be pre••ure lo••e. vere meaaured aft of the diftuaers
in the circular port1on ot the dittuaer at the __ locat10n and
with the BaM rsJce that vas Uled to detem.1ne the prel.ure recoTery
a1't of' the diffusers in the Wind-tunnel teeta. ie.ul1;8 of' the.e
teets (fig. 9) show the et'tioleno1es (TlD) of all 11x d1f'tueere to
be about 91 percent.

'lbe prin01pal ~teZ'll iUT.ltipted in the nnd tunnel vere
nmp plan tOni, vidth-t<>-depth ratio, ramp angle, and detlectors.
A 11m1ted number ot te8te vas made to shaw the ettect of Tar1ation at
ramp-tloor contour and bouncl.a17-l.qer thioknes. at the 10cat10n of'
the duct entrance. For eTaluation ot the relattye merits of the
var10us configurations measurements vere taken to detenll1ne the
pressure recovery aft ot the cattuaer 8ection and at the entrance l

pressure distribution on the lip and ramPI and~ of' the cont1S
ureti0I.\8 1 throuah a re.nse or inlet Toloo i ty ratios f'rca 0 to 1.,.

Tables I and II are ind1cee shawing the range of and1f'icationa
to the submerged duct ent17'

RmUL'lB AIm DISC'OBSIOlf

'Ibis investigation to obtain data tor the develo~t and
application of' KACA submerged-duot entries vu oonoerned vith the
eftect of' varloUi oonfiguration 0han8e1 upon the degree of tultill
ment of the criteria eet torth. 'lbe mealurement. necessary for
evaluat1on, al mentioned pz'eTiousl1, vere prelSure recoYer,. after
diftue10n and at the entranoe, pre.lure dlltribution, and drag.
Under theae categories the following parameters are di8CU.8~:

1. Ramp plan fom

~"Jl1l4l

...I._.WltHo"t·' 'tMf't'-'....
~ ... _ .... _ ,._, II _." 1
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2. Width-to-depth ratio

3. Ramp angle

4. Ramp floor shape

5. Boundary-layer thickness

MCA ~ No.A7130

Because at the nature of the investigation, the results end
discussion ot deflectors are presented separately tram the other
divisions at the conclusion of this section.

A t1gure guide is given in table liI. Only the more pertinent
drag end preSsure-d1stl~but1onresults are presented, the greater
port1on ot the data being given in terms of pressure recovery.

Pressure Recovery

On this type inlet the velocity distribution 1s not uniform
over the entrance area, and determin1ng the entrance losses
(Appendix A) becomes a difficult process. Consequently, a large
portion of the data is eTaluated f~ consideration ot the pressure
recovery after diffusion. Since the diffuser efficiencies tran
bench tests are equal, a comparilon, for two inlet configurations,
of the results after d1ttusicm il a direct measure ot their relative
meri ts with respeot to pressure recovery. This oomparison, of courae ,
includes the etfect ot the inlet on the diffuser efticiency. Entrance
pressure recovery was obtained only for the most important values of
the design pu'8DJ8ters.

Pressure Recovery after Diffusion.-

Romp plan tora.- The relults of previous investigations (refex
encea 1 and 2) showed that the ram pressure recovery ot the
submerged duot entrance oould be appreciably increased by
diverging the valls at the ramp. The effect ot ramp plan form
1s shown in figure 10, which gives the pressure recovery
measured atter the diftueer .eotion for tvo width-to-depth
ratios. In all oues the o\U'Yed diverging ramp whioh was
previously developed (reference 1) gave the highest ram pressure
recovery for the low inlet-.e1ooity-ratio range (Vl/Vo ~0.6).

However, the effeot of ramp plan torm il allo a function ot
width-to-depth ratiQ and ramp angle and will be disoussed in
later sections.

In the instanoes where the preSlure recovery 1s increased
by diverging the ramp plan form, the process is apparently one

CON~~
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of d1verting the boundar1 la1er outs1de the raap around the
entrance. Ixper111eDtal data show th1s poee1bly to be due to
tvo cauees. 1'hefi1"8t 1., indicated tl"Olll a COlllpuo18on ot the
raap pro8Sure Ustr1but1c:m vith that on the surtace in the
bDediate • ~1JI1ty of the entrance. Theee prel!l.8urea indicate
that at Teloc1ty rat10e below 1.0 the boundary la1er oute1de
the ramp vould haTe a tendency to flav &V8.1, trail. the inlet.
Second, 1t has been found that it the top edge ot the diTers
ine l'IUIlp valle vere rounded, the ettect of d1vergence vould be
greatly reduced. It vas .um1sed that 8<:118 of the 1mproTement
vas caused by the res1.tance of the extemal bound.ar1-layer air
to flow over the rather aharp ed8e ot the 1'8Ilp val18.

W1dth-to-depth rat10.- The effect of Ta.r11ns the v1dth-to-depth
rat10 of a aubmerged entrance 1. s1ven 1n f1gure 11 for a con
stant ru.p angle ot .,0. J'1sure 11 ahavs that tor the ~lel
vall, noDd.1Ter81D8 reap chaDBing frca & v/d rat10 of 6 to a
v/d rat10 ~ 1 1ncreaae. the -x1.n. pro88ure recovery atter
dittue10n frca 70 to 80 percent. 1'h1s trend vas expected since
J!08t .of the boundary-lqer a1~ 1n front of a nond1T8rg1ng ramp
tlow8 1nto th1s type of entrance. COI18equently, tor the deeper
and narrower entranc.s thi. lav-ener81 air 18 a 81IIl!Lller percen1i
assot the total quant1t7 adJd.tted. Increaaing the d1vergence
of the reap vall. d.1JI1n1ahed th1• .:r:rect. Thi8 vas ant1c1PLted
81nce, as mentioned preTiouel1, v1th a d1Tergins nUD.p much ot
the boundar1-lqer air 1s diT8rted around the entrance, thue
decree.eins the beneficial eftect of reducine the v1dth-to-depth
rat10 tound with a nond1Terging raap.

The v1dth-to-depth rat10 Decessary tor !Mx1mm pres8ure
recOTery also increased u the d1Terpnce increased. This "IIJIJ.1
be better T1sual.1zed b7 the to11ov1ne table:

Max1Jlua Pre.sure v/d tor Vl,/Vo tor
RecoTer,y (after Maxi.. Max1Jawl

D1ttueiOD) Recovery Recovery

Parallel valla 0.80 1 0.70

Stra1sbt d1Tel'- .84,se.lce ao. 2 2 ."
Stra1sht d1ver-

.860sence .0. 3 3 .43

CUl"Yed diTel'-
sence .86, 3 .40

C~
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Sinoe good pressure recoTeriee are obtained tor diTerging
ramps OTer a vide ranse ot inlet Telocity ratios, this type ot
inlet should not b. 11111 ted. to e,.teu vhich haTe 8JlIa1l internal
diftusion, but WIA1 include those vhich ditfuee the air to a low
Telooity.· It ahould be empnaaized asatn that theee preesure
recoTery Talues are not the -.x1Jlua obtainable but represent
only those aTailable vith the exllting boundar,r-layer thickness.

Rei ane!e.- The results ot Tar11nB rap angle, giTen on tiJUre
12, ahow that in all cases an increase in nap angle vaa aooCtl
panied by a decrease in preslure reaoTery. M the diTersenoe at
the ramp plan tora increued, thi. eNact ot the ramp angle
beo8.J18 more pronounced.

An l1luatration ot thi., ahovins the pr8s8ure-recoTery
deorement between rap aD8le. at ,0 and 11.50 tor v/d • 4, is
giTen as tollow.:

Vl./V 0 0.4 0.8 1.2

10ndiTergins o.~, 0.03 0.045
I

DiTergenoe 10. 2 .04 .13 .1'

CurYed diTergenoe .12 .18 .19

The general trend ot a decrease in pressur.- reooTery reaulting
traa an increaae in nap angle 1s also s1Jl1lar tor v/d ratios
ot 2 and 6, the decreaae be1ng 111ptly less tor y Id • 2 and
greater tor v/d • 6. .

For entrances with nc:mdiTersins ramp valla this decreaae
in presaure recCTery reaults trca a thickening ot the boUDd.ary
layer due to a more adTerse presaure gradient al0D8 the reap.
lor the diTergent reap the Fobl. is aore ccal)1ex tor, inat.ad
ot be1D8 relatiTe~ tw9""'d1Mn8ional u it i. tor the nond!Terg
ing (parallel) valle, it assUMe a three-cl1Jlenaional aspect.
In thi. cue it i. belieTed that IlUch or the 10.a aooaD.:P&D¥1n8
an inoreaae in l'ULp aDgle 1, attr1butable to the resultant
geOllllltr1cal change in the reap plan tom. lor a ginn diTersent
ramp, increas1ng the ramp angle inorease. the angle between the
d1Terg1ns valla. (See tiS. 4.) '!hi, produoes direot~ two
adTerse etteote. lirst, inoreasing the angle between the reap

.C~
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walls increases the tendencl tO"ard 8ep.t.ration. Second, in
crea8ing thi8 angle increa8es the obliquitl between the ramp
walls and the tre....treaa tlO". ~i8 lllake8 it more d1tticult
tor the air tlaving along the outside edge to tollO" the
divergent contour of' the 8ide wal18. Consequently, air spills
over the edge ot the rap valla, adll1ttine much of the
boundary layer and causina a CroS8 tlow betwDen thi8 al~ and the
air tlO"ing down the ramp. A combination ot these two adverse
condltiona cause8 large pre81ure loe.e8 to ocour in the oomers
ot the 8ubmerged entrance 'When the ramp angle is increased.
'lbi8 i8 shown in. tigure 13, which gives the di8tribution ot
pre8sure 1088 acroas 'the 8ubmerged entrance tor several confiS
urations. J'ram figure 12 it appears that tor the larger ramp
angles (above 100) the opt1JlluJll raap plan tora should have SOlIe
what le'8 divergence than that _pl01ed tor the lower ru.p ane!es.

J'roJIl the re8ulta ot the Investlption of' ramp &D8le; a better
coape.rleon of' the _rita of' ftrioua W1dth-to-d.epth rati08 can be
obtaIned. In IIOBt cue. the use of' a given ramp ansle 18 dic
tated bl the length available ahead ot the duct entrance. lor a
constant-e.rea duct entrance and a constant ramp ansJ-e, the
required raap length la IBlch larger tor the deep and narrow
entrances. 'lbUB tor a -,0 reap anale, the ramp length tor a
w/d ratio of 1 i8 2.45 t1lle. the l"&Jl1P length of a W/d ratio ot
6ontrance. Since raap length usually cor.sti tutes a desIgn
l1m1tation, a more usable compari.on of' the entrances of Tarlous
width-tQ-(\.epth ratios can be obtained bl CODlp.r1ng the pressure
recoverie8 at a constant ramp length. To o'btain this ccape.rison,
preS8ure-recovery data atter ditfu8ion were plotted against a
ramp--length term. ~ls tem was _de nond1Jlen.eicmal b1 8quar1~

the ramp length and dIviding b1 the duct entrance area. 'lbe
2

croel plot. at. pres.ure recovery as a function of (l"IIlp longth)
entrance area

are given In figure 14. A ccaJl&rllon of' these curves indIcates
that tor~ de81gn ccedltiona width-tC>-11epth ratloe of' 4 to 6
will give the hipest pressure recovery.

Roap=tloor shape.- A cOllpari8on of' the pre8sure recoveries tor
the straIght and curYed ramp tloors 1. given In tlgure 15.
The straIght tloor i. leen to be auperior tor the configurations
tested, but the ditterence in prea.ure recovery i8 eall,
usually leas than 2 percent tor the more opt1Jllum configurations.
'lb. preaent exper1JDental re8ulta indicate thi8 pe.rameter to be
ot aec~dary 1Ilportance in obtaining high-pressure recovery.
~eretore, aall ohanges in the contour ot the floor that· may
be reqUired to obtain a BDIOOth .1unction between the ramp tloor
and tus.lage akin should not notioeably Bttect the pressure

COMiff.TtT
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Mt,ot or bmmd'n-lu'£ th1qW".- A Ocapar18on at the natural
and th10kened boundary 1&1'1"1 18 1J1Ten 1Jl figure 16. I'igure 17
Ih~. that.. &I expected.. 1noreuing the boundary-~er thickneee
deorea8ed the ram reoo"ery. Thi8 deorea8e vas praotioall1 the
8aM tor all oont1surat1ona telted and vu approx1matel1 equal
to 0.12 rea reoo.,e17 ratio. Thele te.te olearl1 indioate that
di.,er8iDg the ramp Valli k.epe onl7 a portion of the bound.ar)
~.r air trca enterins the duot.. and conaequentl1 8tres8es the
1JIlportanoe ot looat1n8 the entranoe in a re810n ot thin bo\md.ary
layer tor ax1Jlwl reoo.,e17.

An attempt vu ade to oorrelate the change in rea recoTery
nth the ohan8e in boundar1 lay.r. Various bound.ar)-lq.r pe.rer
_tere vere coneidered (boundar,y ~.r.. displaoement, and
mcaentUlll th10kne81e8.. etc.) and the faotor h vas 8elected 8.8
beins aoet pertinent in e8t1-.t1ns the pre88ure recoTery for
this type ot sUbJl8rged inlet. The term h 18 det1ned 808 a
hei8bt vhich oonta1na an amount of tre...... treaa ram pre8Sure
equ1Talent to the total Fe81ure lost vithin the bound.a.ry layer,
and rta1 be eTaluated trom the tollaviDg equation:

h • 16
l:lJI q

o Ho - Po

. vhere

f) total boundar;y-layer thiCkneS8

Aa a tirst approx1JDation, the oh.aDge in ram due to thioke~

ing the bound.a.r;y lq.r or ohan81D8 the duot depth and hold1ns
vld oonstant.. JI1A1 be est1mated trom the follaving equation:

( H-p ) (H - p6 o. Q
110- Po Ho- Po

were the lubloript8 a and b ref.r to different oontig- ..
uratlona. Qb.,ioualy, thil 1& not a ri80roua relation, but it
8hould 8i.,ean indioation ot the ohanse in rea vhich vould b.
expeoted if the boundar;y-lqer oond.1tionl ot a ,1TIn entrance
vere altered, or the 11z. ot the inlet ohansed (all d1JDen-
sions re_inlns pautrioally 81.J1l1lar). The values ot h tor
the natural boundary 1&1er and the thiokened boundary la1.r .

C01O'~
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are 0.221 and 0.530 inch, resll8ctively. A caapar1son ot the
est1ated change in pressure NCOTery calculated by this
equation with the ....ured. chaDs' tor the two bounde.r1-la)"er
conditione ot th••• te8t. i8 siTen in the tollov1nS table. This
table 18 tor l"aape v1th curredd.1v.rsenc, and. a .,0 ramp angle.

Calculated Valu.s I Measured Valu.s I
ott.(B -Po) (H - Po)

Bo-Po ot6 I()-pg I
~

v J: • 4.0 I · 6.0 f. 2.0 X. I

0
d. 2.0 d d 4~0 !. 6.0

0.4 0.071 0.101 0.123 0.095 0.120 0.112
0.8 .071 .101 .123 .105 .110 .113
1.2 .071 .101 .123 .095 .095 .10'

The us. ot the h tactor result.d 1n a IUUch closer approx.1
MUon than &n:1 or the oth~r boundary-lay.r parameters considered.

Entranc' Pn"un Reoovea.- or pr1JDar;y interest in the design
ot a duct1ns systea 1s the entrano, preSSur6 recovery, trca vhich the
losse.. ohars-abl. to th' d1ttuser are .xolud,d. The Jl8thod ot com
putation us.d 1n detera1ninS th18 entrance pressure reoov'r;y i. 8iVlll

in Appendix A.

The ,tt.ots or ramp plan to:na,raar ansle and vidth-'to-depth ratio,
are shawn in tisures 18(a), (b), and c). Ccap.r1son ot thes'
ourves or ,ntrance pressure rtCOT'17 vitb oorre.pcmdinS curYes tor
reoove17 after dittusion (t1p. 10, 11, 12) shO" that th' result.
tollow the 8ame trenda. In sen'ral, the previous anal.1B1. acoounti08
tor th' d1tt,renoes betw.en var10us oontisurat1ona i8 applicabl••
Th. 811sht discrepmol.s tound in the anal,.s1s betw.,n data tor
entrance pressure reoOT'17 and pres.ure recover,. after dlttusion
(tisa. 11 and 12) can probably b~ attributed to ohan8ea in dlttuser
,ttici,no,. with ohansins entrano. conditione. Th. losses at the
entrance tos,th.r vith the 108S•• after d1ttus1on .nable an .val
uation to b. _d. ot the chang. in dittus.r ,triel.ncy to:.' aD..T con
tlsuration. (See ret'Nno, 2.) U.1n8 th.se los8es, ditruser
,trlel,nol•• tor two entrance cont1suratlona hav. been ealcul~ted

COfiBIIMJ
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and are ocap.red 111 tisure 19 vith tboee obtain~ tl'Oll bench teste.
The ditterence between the ,two sets ot CurYe8 represents the ett.ct
ot the tnlet on the dittuser etticienc1es.

Pre~~ur. Distribution and Crit1cal Mach lUmber

In this part ot the investigation e.tt.atians ot the critioal
speed charaoter1stics ot the 8ubmersed duct entrances were _d. tram
an anal1Bis ot the pr.ssure distributions OT.r the lip and ramp.
Th. critioal Mach numbers vere e.tt_ted t~ the peak lov....pe.d
pressure coettioients b1 the Uml61-Irs1en _thod (ret.reno. 3). '!hi..
method do.s not applJ to throe-d1menaicmal tlO" (Nterenoe 4). Just
vhat correotiona should be \l8ed tor the tlow around a su'bJlerged
inl.t is not known, but it 18 belieTed the results given b1 the
method ot ret.renoe 3 vill be oone.native.

1J.ll.- '.ft1. oritioal-epeed oharaoteristics ot the lip are d.pend
.nt upon the inolination ot the tlO" approaohiD8 the lip. A d.oreas.
in the inolination ot the tlO" 1s d.tin.d as an aDBU1ar chang. ot
the tlaw whioh Cft.UO.S the stagnation point to IaOve toward the outs1de
surfao. ot the l1p. '!hue, a d.oreale in the tlaw 1nolination d.creases
the incremental v.loolty OTer tho outside surfao. ot the lip, and
vice Tftrea tor the 1D8ide surfaoe.

Th. pressure d1str1but1on over the l1p 1. 81ven in tigure 20.
H.re is shawn th.. chan8e 1n the stasDat10n point with inlet T.locit1
ratio and the .tteot ot this obaDge on the peak negative pressure
coettioi.nts. InoreaaiD8 the inlet velooit1 ratio al~s decreuee
the inolination ot the tlaw.

Th••tt.cts ot ramp plan torm on the orit10 al-ilpeed oharaoter
istios ot the lip are 8iven in tigure 21(&). W1th a nODd1versent
ramp there is no appreciable 0haJ:18e in the flO" inc~1nation across
the entrano.. For the lip .ection, 1 inoh trca the edse of the
entranoe, dlv.r8ins the ramp also causod practically no Tar1ation
trom the data obtained vith nond.1ver8iD8 valls. For the c.nt.r
lin. s.ction of the lip, haw.v.r, diver81ns the reap caused the
etasnation point to mOT. tovard the outside .md oonsequentl)' in
creas.d the ori tioal Mach 11umber tor the tlow ov.r the outside
surface (tiS. 2l(a». 'D1i. ccaparilon Dhovs that with a diTf'rsent
ramp th.re 11 a distinct ftriation aoross the entranoe ot the angl.
ot tlO" approaoh1ns the l1p. 'l'he tlow near the ed8b ot the entrano.
has a more positive inolination and produce. the larseet incremental
velocities OTer the out.ide .urt&ce.

The ettect ot ramp aLSle on the critioal Maoh number tor the
lip 18 shown 1n tigure 2l(b). M vould be ant1ciPLted, inoreasing

c~
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the ramp angle deorealed the flow inc11nation. The data verify that
for th8 ramp angle8 te.ted there 1. a Tariatian ot the tlow inolina
tion acroll the entranoe when a· d1ver8ins ramp 18 used.

To oorreot for an undel1rable emsle of the flow approaohins the
lip, th8 inoidence of the lip M:1 be varied. The .rreot on cr1tical
Mach number ot chang1na the lip inoidence frca ..,0 to +5° i. ehown 00

figure 22 tor three width-to-depth-rat10 entrance. with curTed diveI'
8enoe. From an anal1.i8 ot th••e data, 1t appeare that tor -.ny
oont1guratioo8 tho criticaJ.~;peed chAracteriltios ot the lip will be
improved b1 Siving the lip a ne8!lt1Te (davn) incidence. The llnde
lirablv ohange in tlCN angle aorol8 the inlet, pre8ent vith a
divergent ramp, J&:f aleo be ocapensat$d b1 giT1na the lip a more
negative in01denoe near the edge at the entranoe. Whether or not
the lip inoidenoe or camber ahould be Taried aoross the entranoe vill
de;p6ud 011 the cntical 8peed ot the a1rp.lane. It ehould be noted
that it i8 unde81rable to sive the11p a more neaat1ve inoidenoe than
18 required. Althoush the or1tioal-epeed characteri.tios '1UJ be
improved at the lover inlet veloc1t1 ratioe, the tlaw ~ separate
trom the inside surtaoe at higher inlet velocit,. ratios, oausins an
added los8 in pre8Sure recovery.

Ramp.- The pre8eure-d.1Btribution data obtained along the rC'mp
indicate that the inlet velocity ratio o~ the entrance does not

atrec t the veloci t,. troa 40 percent ot the ramp length to the start
of the ramp (o-percent station, tiS. 23(a». The peak negative
pressure coettic1ent ocours torward ot the 40-percent etatlon fOl4

inlet velocit,. ratios belov 1.0, end·, consequently, the critioal
speed oharacteristics ot the ramp appear to be independent of the
inlet velocit,. ratio. The prelsure distribution torward of the 40
percent station vas found to be a function ot the plan tom ot the
ramp walls and the protile ot the ramp tloor.

The preS8ure d18tribution along the ramp is 81Ten in tloure
23(b) tor three ramp plan forma. The etteot ot vidth-to-depth
ratio of the entrance and ot ramp angle 18 8iven in figures 23(c)
and 23(d), respectively. The oritical Mach number tor the ramp, as
estimated trom the pressure d1etribution, vill be above 0.8 if the
ramp angle does not exceed 90 •

The ramp floors for the aforementioned teste vere all straight
incl1ned surfaces. A oomparison betw.en the pressure distributions
ot tho straight ramp floor and a ourYed ramp floor is 8iven on
figure 24. The pressure gradient over the straight ramp 3.ppears to
be more favorable tor both parallel and ourvod diverg8nt ramp valla.
The reduction In pre8sure loeoOTery whioh aooompanied th.:< more adverse
pressure gradient of the ourved ramp tloor has been mentioned
previously. It may also b'l .een that the straight ramp floor 8ivee

COra.it&ltJr
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lover peak incl'eMlltal Telocitie. OTer the raap thaD the curred rulp
tloor when diTe1'8ent valla are used. The 8tudiea ot nul}) floor ceo
tour in the preaent 1nTeatlsatioo vere 11Jl1ted in· 8CO~. A more
tundaMntal 8tud1 or the ettect or the ramp presaure srad.1ent on
crtt1cal aPeed and preaaure rftCOTert should be ada. 'l!1e nap tloor
should pro'babl1 be deaisned so that the preaaure sracuent "111 baTe
the leaat alopt at the d.eaisn inlet Teloc1107 rat10.

Dra6 ot the submersed entrance. Ya8 deteX'll1ned by surr811.ng the
portion ot the air streaa containing the wake cNe to the inlet, .md
1a equal to the ditterence in I'CIMIltum or the air atreaD., with and
w1thout the duct 1Datalled. ibe _thad or calculat1.ng the d.ras 18
given in Appmdix B. The draB coeUiclenta baaed on duct-entranoe
area are preaented in t1sure 25 tor the Tarious Cc.Gtigurat1ODB, while
i'igure 26 shows the eUstr1but1on or the ma-ntua 1088 art ot the
entrance.

In all caeea, the drag decreae.. ae the inlet, ..locit,' ratio 1l!J
increased. J'1gure 25(a) shCNa that thlil draa increases ae the diTel'
gence 11 increased. 'Dlis vu exPected, aince a n<D11versina reap
pemttIS a larpr POrtion or the bounda.r1-la1er air to tlow into the
inlet. In seneral" 1t appetU"8 tha.t contisurat1oaa wh1ch reault in
higher rail recovert have l.arger att4mdant drage. The nesat1ve Talues
ot d.re.g result traa the tact that the los8 in .-ntum davnetreaa ot
the entrance YU leaa than the loaa due to the boundar;y l...qer tJ:aat
prov101J811 u1eted. 1h1a can be a.en on tigure 26.

For the cUrTed divergent raap, the draB tor JIOst usable cont'1~

uratiODB should be quite lCN tor the h18b-epeed and cl1Db t11Bht 1"&ll88.
Assuming a v1Jls-e.rea-to-duct-ent1"8Dce-e.rea ratio or 150, a tl'pical
CD due to '" 8ubMrged duct in th. hip-.peed attitude would be
approx1mte~ trca 0.0003 to 0.0006. It should be l"'eDIeIllbered that
the etteet ot the duct wake &lODS the tuael.a6e art or the entrance
18 not included.

Detlectors

I)c)t'lectore, or ridBee &loaa the d1verpnt contour ot the
entrance, haTe been ehOVD to incree.ae the rea recovery when used
with certain inlet cantisurationa and ccmditicae. ibis aeriea or
teata vae performed to t1nd the etrect or detlector abe, and to
e'Yaluate the use ot deflectors tor T&rioua inlet conf1Surationa.
'!he crtteria used tor eTaluatlon were the same aa those tor the
Principt.l investi.t1on.

~-......*'
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It YUfoUDd that inereubs the deflector length frca 25 to
50 percct' of the ra.p lusth eauaecl the IIOet p1"'ODO\DlCed meNUe
inP"H.lIN l'eOcn'el7(t18. 21(a», except tor the 0.25-1Dch-h1p
c1etlecWN. J'QrtJler iDcreue. to 100 ]lel'Cct of the l'8JIIlp lemsth
cauHd 1Dcreu•• 1n the I'D recarer;r cm.l7 at inlet Teloc1t1 ratios
belov a'bout 0.8. J'1pre 21('b) alao 81Tee the prM8W"8 recOTeries tm
deflector ho18bta of 0.2', 0.50, 0.1'. aDd 1.00 1noh when tested .t
~l()ua leaatU.

lor the deflector he1Shta teeted 1t ~ 'be II&1d, in general, that
lDcreubs tho help't 1ncreuecl the pre••ure recoye17, p.rtleularl1
at inlet TeloelV ratloe a'bare 0.5. Bave'Yer, chaD8bs the height
trua 0.15 to 1.00 1Dch iapuoncl tho rec0Y8Z7 CGl7 at inlet. 'Ye1oclt1
rat.ioe &bOTe 1.0. Aa a l"Nult of th••• teet. em c1etlector elze, a
eorie. of 4etlecton vu Hlected tor further 1.Dnat1ption.
D1atl.ctor belpta lU£.1na tna 0.2' to O. "I' 1ncb erteDd 1n S 50 and
100~t ot tile I"aIIP laatb ..re oboe_ 'bece.Wle 1t vas thought
that th1a l'UIp .. aoet pract1cabl••

!b. cbanp in rea rec0'YU7 produne4. 'b1 c1etlectore tor three
'r1clth-~ptb ratiCMI can 'b. o'bta1ne4 :rna t1sure 28. ~e data .
obov tbat ua1Jal 4etlectora w1th the aoN Nallov entraDc4tlJ (wid
ratloe of 4.0 UIcl 6.0) a44a a larpr 1JaI)~t to the preseure
1"OC1JTOr1. Thi. can 'be 'better rteu.l1zed 'b1 tM follav1D8 tabla
vh10b l1eta the 1Dcreu. in poeeeure NCOTer'1 after dittua1an
1"Oeult1Ds tfta the Wle of 4etlectore. '!he data are for a ~ eu.1"Yod
41Terpnt nap aDd the c1etlectora are 0.1' 1».ab h1gb. and 100 percent
at the l'UIP 18lJ8tb.

!!. w 4.0 6.0
Vo

cr • 2.0

0.5 0.019 0.0Jt6 0.016

.1 .084 .103 .120

1.0 .088 .123 .136

J'1pre 28 alao above that CMns1D8 the deflector length fraa 50- to
lOO-,porcant ru.p length causee l1tUe ettect on the r...- NCoye17 ot

, the entrance nth wid. 2.

J'1sure 29(a) shawe the d1ffereDOe in l"Ul recare17 to%:' T&r10U8

l"IW.P plan tome w1th and w1thout delleeto1'll. It 1. appa.~t that

c01lJltJd'i'ra
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detlectors are not equall7 benetic1al tor all reJapB. The increment
at rea recOTe17 due to detlectors increased v1th increasing d1vergence.
With n0Dd1~ersent (p.rallel) valla the ,1IlproTeunt vas negligIble.

~e result. ot testa to t1nd the etrect ot detlectors on raap
ansle are shown in t1g\U"e 29(b). When theae data are cCDpuoed v1 th
those tor s1.a1lar cont1SU1't1cma v1thout c1etlector8 (t1S. 12) 1t can
be seen that denectors are benetic1al, traa the 8tandpoint of raa
recove17, tor all 1nstallat10ns. A more comprehens1ve, coapar1.on ot
the thl... v/d ratios tested can be obtained traa the cross plot8 ot
the.e data, siven 1n tig\U"e 30. BeN 18 shawn the pressure recovery
as a funct10n ,ot the raap-lenath tel'll pr8TIousl1 deriTed.

PredSure rec".,.er;r at the duct entrance 18 81Ten in t1g\U"e 3.1
tor 8ev"ral detlector-entrance coot1gurat1ona. 'DLe trends shown b1
these data are in sood asreement nth the anal.181. alre~ diSCUS8ed.

Detlectors apparentl1 increase the pres.ure recoT,e17 b1 as81s1;
iIl8 the a1r tlav1118 out.1de the reap to tollav the diTe1'81D8 contour
or the .1de vall.. Thi. prevents .uch at the cros. tlav at air OYer
the top edse or the reap vall. and al.o helll8 to diTert aore or the
llou.nd.ar;r 1a1er aroUDd. the entrance. W1th resard to the ••lect1cc ot
a detlector to s1ve be.t recOTe17~ it should be noted that re8ults d
other inTe8t1pt1cma (reterence 2) clearl1 ind1cated that the requ1re
.ante tor detl.ectors are depll1C1Amt upon the locat1on at the entrance.
It vas toUlld tbat nen the ctraDce VU placed in a res10n at tIl1D
boundar;r 1a1er, increaa1ns the detlector lensth troa ::;0- to 100
percent rmap length caused a det1n1te de'creue at prH.ure recOTer.T.
It 1. probable th4t detlectore which exteod the tull lenath ot the
reap dhould be ued ool7 tor th1ck boun4ar;y-la1er ccmd1t1cma.

Although the use at detlectors re.ults in higher preS8ure
recovery, 1t vas found that their etteot ....eaevhat deter10rat1D8
to dn.8 charaoteri8t1c. ot the ~ntranc.. Figure 32 81ves the drag
tor 8eTeral inlet cont1p.raticma v1th d.tlectore. C<:apLr1Ds the.e
data with c!.raB tor .1JIl1lar cont1gurat1ona v1thout detlectors (tiS.
25) shav. that detlectors 1noreued the clra8 tor all cont1surat1ona
tested vben the a1r enters the inlet at a veloc1t1 rat10 abOTe 0.6.
Thi. cc:ape.rI.oo al.o indIcate. the detleotors caused the lars-t
d.ra8 tor ahallav entrances (v/d • 4.0 and 6.0) and 8teep reap &n61e.
Where the sa1n 10 pre8Sure reoo'"17 VU the sreate.t. As vould be
expected, tisure 32( 0) also shav8 that 1ncreaa1ng the deflector .ize,
both lensth and heIsbt, increased the draB.

The preS8ure dI8tribut10n over the rap vhen detlector8 are used
18 given 1n fisure 33. CC1Ilplri.on at the..e data w1th t 1sure 23
Ind.1cate8 that detlectors cause .cae addit100 to the 1ncreaen1;&l
velocIt1ea oyer the raap. The oritical-epeed Characteri8tic8 ot the
l1p tor the cuned d1vers1ns raap, v1th and w1thout deflectors,
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are given in f1gure 34.'Dll_ ccap.r1_on shaw_ that deflectors
increue the oritical Mach mmber tor the tlaw OTer the outa1de
surtac e at the center _ect1on of the .entrance while d.ecreaa1ns the
MeR for thl. flaw Mar the.. ot the entnmce. A la.rgor f'lov
angle Tariatlcm acroes the entrance 1_ theretore 1nd1cated when
deflectors are used.

It should not be ma1nta1nec1. that the .u~rged entrance is
aPIJ.lcable as an inlet tor all duct1n8 1natallat1ou" but it does
have certain characteri.tics 1n a4cUtion to those presented which
-.ke it puoticular17 suited tor sptcltic duct1n8 applications. The
us. ot IIACA submerged inlets could, 1n SOll8 ca••• , result in greater
aerodJD8ll1cal cleanness b1 ef'tect1ns aore f'avorable tusela6e contouz
lin.. aDd ptrhape reduc1n8 the t'uaelage' frontal area. 'lbe structural
ccaplex1t1 at the duct1ns systea should be d1a1n1shed and larser
.pace proVided tor intemal OClllpoMnts. 'lbi. tll)8 of duct should
also reduce considerabl1 the 1ns~stioo at toreisn _ter1al b1 in
ertia separation.

A possible Jet-engine installation utilizing RACA sua.erged
ducts is shown ~n f.igure 35. In this illustration the sublllerged
duct desisn is centered around a siD8le Jet engine located in the
tuse!a8e att of the pilot's enclosure. Placement of' the twin entries
ahead ot the wing .'n

'•'
zed the intluence at the Vinss pressure field.

and situated the entI7 in a region at thin bound.ary lqer (reference
2). A wid ratio of about 4 seemed adTiaable trca internal space
11m1tations, and a ramp using cuned dive1"8Cce tosether with a ramp
angle between 50 or 10 was selected. This installat10n should give
optimum pressure recoveI7, law over-el1 drag and an etf'icient
internal-flaw systea, since the nece~eity for sharp bends and rapid
expans10ns bave been el1a1nated. Reference 2 discusses a duct-tlow
instability that could occur With this type ot installation.

For a1rplAnes -plO1ing tvo Jet- engines the necessity of using
wins naceUes could otten be el1Ja1nated b1 housing the engines side
by side 1n the t'uaelage. The IACA subllerged inlet appears to be
very adaptable to such an installation. The use Of s1Dgle ducts
1ead1118 to each Jet engine would be similar in design and location
to that shown 1n the preVious illustration. With a 8ingle duct
loading to one Jet 8D8ine, the f'low instability previously aent10ned
could not occur. The 8hort 1ntemal duct1ns of .uch an installation
should result 1n m1n1.llwl losse8, especiall1 for engines with ax1al
type compressors.

Certain types of Bds811e., which are powered by Jet engines in

0111 ;JJa'Rlt
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the :rua.la8e and haft DO poon81OD tor 1and1na sear# are ideall,.
adaptable tor an JIACA .u'-erged-duct -.,.tea. nae single inlet could
be placed on the undere1d. of the tue.J.aee and the inetallation would
bave the design and aerod;rnaa1c UTaIltage ment10ned prev1,)usl,..

Other applic6t10Da c~uld 1nclude 8(88 duct1ns a,.stems involving
cooling aDd carburetor air. U th1. t7Jl8 01' entrance could be 8ub
att tuted tor the protrwi1ns .coop-t7J)8 of inlet.. the aerodynamio
neatnes8 ot the aircraft would bf' sreatl,. enhanced.

l'raR 1nvest1sationa that have been made ot the cont1guration
changes and Jl8.l"8Mtera attect1ns the design ot MACA BUbJnerged-duct
installations it vas concluded that:

1. The boundal'1 lalBr at the location 01' the sub1llerSed entrance
will influence the ram recover,-. Due to the relatively thick tunnel
boundar,y ~er 111't(\ wh1ch the entrancs vas placed.. It is believed
that the pressure recoverie. ~·)aented 1n this report are 10lt"er than
could be expected tor _oat airplane 1netallat1ons but that the OOlD

parison between configurations 18 valid.

2. Signiticant sains in pre.sure recovery tor a vide re.nge of
contiguraticme resulted trca the use ot the curt"ed divergent ramp.
Thi8 18 especially true in the 10" inle~elocity-mt10range..¥ ~ 0.9.. where high pre8sure recovery 1. 1tOst necessary.

o
3. 'lbe ettect ot v1dth-to-depth ratio vas greatest tor the

nondivergent (pa.rallel) ramp vall.. The best recovery tor thi8
cClltigurat10n occurred tor a wid ratio. 1 (square) entrance. As
the re:ap-wall divergence increas.s wid ratio has 1.... e1'tect.. anoi
the square entr,r 18 inter10r to JIOBt rectangular entries. With
cuned d1versence the ram recove17 lDcreMDt due to chanae in wid
ratio 1s about halt that w1th )l&1'allel valls.

4. RaJlp anale or.. in SOlll8 cae..# reap length.. bad an outetaDd
ins ettect on rea recovery. The detr1Mntal ettect ot increulD6
ramp angle be«ame sreater e.. the divergence vu 1ncree.aed.

,. In seneral# it appee.re that an inlet with clU'Ted d1vttrgence ..
a ,0 or .,0 lUlp ansle# and a vld ratio of troa 3aDd 5 otters opt1aua
chaft,cteriet1ce.

6. Good critical-epeed character1stics can be obtained vith
proper lip design. 'DieN i. a spanv1s. chaDse in anale 01' attack 01'
the lip when a d1vers1DB raap 1s ueed# aDd it ~ be necee&ar1 to
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Ames Aeronautical Laborato%'1,
lfaticmal AdTi80r,y C~ttee tor Aercmautic8,

. Moffett Field, Calit.

1. J'or moet deslsn cond1 tiom the drag vaa tound to be small.
HoveTer, 1n the selectlon ot an opt1Jlua configuration, the drae and
%'Ul recoTe%'1 should be veigbed. In th1a respect, the use at
detlectors -.y not always prOTe adTantaaeoua.

\
twist the Up, depend1118 on the pressure tield 1nto which the
entrance is placed.

I-
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AIm An or TIll DD'IUBIB SJX:TIOlI

Ir", &8 in the JI08t seneral cue, the stream tilaments tor a
stsady tlow are not usUlled to haTe the ... nov ener(31, then tho
total pt"e8Sur8 tor a siTeD veight ot tluid P'8s1118 a siTeD section 18
(reterence 5)

UsuaJ.ly, it 1s Dot necessary .to apply th1a exact ..thod, but 1t 8.1
be requ1.1 te it the total pree.ure d1.tr1butioo at the JDe&IIur1ne
stat10n bas local resions at higb loes. Such vaa the caee at the
sUbmersed-duct entrance for inlet Telocit1 ratioe between 0 and 0.8.
In ccaputing the lo••es tor thi. r&D8e, equation (1) Wf:.8 mod1f1ed to
reduce the ccapu.tat1onal yolit:

(Al)

(A2)1H------
Prlee:nV~

where

.1

I
I
~
11

I
I
I
~

'I
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h local total head

p local d.ensl 't-y

a local area

DCA He 10. A7I30

V local T6locity

t number ot equal areas (equals number ot tubes)

a.ssum1ng

Then

1
H .. r •••

For thi8 ap:D11cation subscr1pts 1, 2, evc , , denote local areas
considered.

'!he d1tterence between the loeS.8 ccaputed 1n the preceding
anner and theae o"btained trca an 1ntersrat1nS .naaet6r were tound.
to be negl1g1ble at the entrance tor the r.-1Dd.er of the Inlet
Teloc1ty-rat10 range, VJ./Vo'8 trc:::c 0.8 to l.~. Sl\ch vu the caee
a180 tor the ent1re Inlet-.eloc1t1-rat10 nmse at the .....ur1na
statIon after d1trua1cn.

co~
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APlDDIX B

METHOD 0-, OBTAIII1U DBAG 0-, mE stJBMEIOED D'1'1Wf'JJS

It the ae-entua chanae "tvee two .tatiClD8 alCl:18 a stream tubG
is MUu.red., the resultiDg clra8 torce ~ be ccaplted:

D • J tu - u) dJl

or

D • PJu(Uo - u) dA

vhere one station 1s 1n the tree streea.

Assl.Dl1!:l8 the denaities at Uo aDd u are equal,

(B1)

(B2)

low, aasua1D8 that tre...treaa statio preuure ext.to in the vate
(p • Po)

Then

or

( ~)b- 2 ff
1 - q;; dJdx - i 2f!~d1dx + - - d1d.x

A Clo (B5)
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Expanding the t1nt p.rt ot th1. equat10n 1n a binomial eXp!1Ils10n and.
cc:.b1n1ng with the reM1nder 81Tea

... (:a6)

It VILa tound that there were autt1c1ent tubea in the JDeuuring rake

110 that a value ot..!f! obtail*' "tUh the aid ot an integrating
qo

-.nc.eter and aub.t1tuted in place ot t..~e 1ntegrala in equation (:a6)
gaTe Tel'1 lIat1afactol'1 correlation vi th the point-bJ-point
integration of equation (:a4).

To 1ndieate how the aubJler8ed-duct-d.re.g deteraination vas mado,
it a1ght be beat to cOl18Ider a coapar1aca between the drag of a nose
inlet and or a aub_l'8ed Inlet u deteratned by- acmentum Surv8Y-8.
Thi. COllpar1eon ehould include the air flaw through the entrance to
corre.pondiDg atatione at the Jet-engine ccapre88or. What bappena
atter thl8 aectian 18 a tuIlction ot the Jet-engine character1atica
aDd doea not enter thia d1acuae1on. To a1llulate the preceding
eond1 tI00, conaider that the air atter entering the duct b reIGOTed
at risbt anglee to the air atreaa so that there 18 no ae-entua of
the ex1 t air in the drag direct10n. Then

MaMntua orLoea 1n 1lal8D

tua or the
Dl'&8 of 1nlet • enterina air at + entering air +

the duet entrance (rail d.ra6)

. 'lor the n08e inlet

Loea 1n ac.en tWII
behind the duct

(profile drag)

D • o +

For the 8ubmerged inlet

D -J -ent(Vo- Vent) dAent + J"nt Vent dAent+J Ila:tt(Vo- Vatt)d.Ae.ft

where m 1. the _88 flaw1ng throush each unit area.

COB~
I
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.....

11.uall,y, tor the nOlie-type inlet, the JIlCIDentum or the enterins air
i. taken into aocount u part ot the interDal draa and subtracted
out. To make a tair coap.r1.an between the nose and 8ubmerged 1nleta,
tor a siven quantity ot tlow, the .... ~ drag 8hould be accounted
tor in Moh oue. Bovever; tor thi. oondition, the ram drag or the
.ubMrsed entranoe i. le•• than that tor the no.e inlet 8ince air 18
inducted which baa alread1 reoeived a loa. or Jllalentum, this los.
beiDS equal to the .eoond tera or the preVious equation. It 1t i8
a8.uaed that the IIOIaentua ot the ct..riDS air i8 (JlentV0) tor both
inetallatione and i8 .ubtraoted traa eaoh O&Oe, the dra8 beCClll88:

For the noee inlet

ror the .u'bllerged inlet

In an actual duot application, the air tlO" over the body with the
duct entnmce :removed JIWIt be considered, 10 that another term 11
neoe.ea17. The tinal tona or the equation used to evaluate the drag
then becomes:

C~IAL
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8hape
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..,0

Baap aD8lewId
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Bu.p plan :torm

Parallel walle
Stra1ght di'Yersence Bo. 2
8"tra1gbt di'Yerseoce .0. 3
CurYed d1'YergcC8

a. Only vith wid .. 4 aDd 6.
b. Onl,. vith wId .. 2.
c. Angle de:t1Ded by a etra1ght line ccmnect1n8 beghm1na aDd. ad at nap.
d. See tabl.. II :tor cc:.b1nat1<mB tested.

Baap
plan :tcma

Farallel. walle

wId I Straight di'Yel'SC'Ce lIo. 2111 21 31 I 1°St.ra1gbt di'Yerseace .0. 3 4, 51 6
Curved. di'Yerscce

Parallel wa.lla a,0, 'T>,
Raap ansle I Stra1ghtd1'Yerseoce Bo. 2 2, 4, 6 ~o, 11.5°,

Curved di'YergeDCe 1,0·

Baap :tl001' Parallel. vi!Ll.l.e 4 c5°, ..,0,9°,
shape Curved d1Tersence ll.,a
Boundary Curved di'YergeDCe 21 4, 6 -,0
thickness

d Parallel. valle
2,4, 6

5°, ..,0, 9°
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'wid
75%
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wid 2 41 61

100% Ramp aDg1e 7°
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3/4 inch 1 inch

-,_. 4 --
-,- 7° --
4 4 4-
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4 4 4

7° i> ..,0

4 2, 4, 6 4
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11.50, 150
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TA:8LE III

FIGURE· GUIDlC TO mrsoL'lB

Modification Pressure Pressure DraereooTeZ7 diatribution

Ramp plan form ligs. 10, 18 ligs. 21, 23 ligs • 2', 26

wId rige. 11, 18 r1p. 22, 23 riga. 25, 26

Bamp angle l'i8l. 12, 13, 1'1811· 21, 23 Figs. 2', 26
14, 18

Bamp floor r1g. 15 rig. 24 Bone
shape

BoundaZ7-layer :rig. 17 lIone None
thickness

Deflectors Figs. 27, 28, :riga. 33, 34 rig. 32
29, 30, 31
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An investigation was made of entrance width-to-depth ratio, ramp-wall divergence, ramp

angle, and other variables affecting an NACA submerged duct design. Tests were also con-
ducted to show the effect of variation of boundary-layer thickness. Results indicate
that an opt-Imum NACA submerged-inlet design should employ a width-to-depth ratio of from
3 to 5, curved diverging ramp walls, and a 5 to 70 ramp angle. The boundary-layer
thickness of the surface into which the inlet is placed was found to have a large effect
on the pressure recovery.
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